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Abstract 

Background: Over 200 published studies of more than 30 plant species have reported a role for miRNAs in 
regulating responses to abiotic stresses. However, data from these individual reports has not been collected into a 
single database. The lack of a curated database of stress-related miRNAs limits research in this field, and thus a 
cohesive database system should necessarily be constructed for data deposit and further application. 

Description: PASmiR, a literature-curated and web-accessible database, was developed to provide detailed, 
searchable descriptions of miRNA molecular regulation in different plant abiotic stresses. PASmiR currently includes 
data from -200 published studies, representing 1038 regulatory relationships between 682 miRNAs and 35 abiotic 
stresses in 33 plant species. PASmiR's interface allows users to retrieve miRNA-stress regulatory entries by keyword 
search using plant species, abiotic stress, and miRNA identifier. Each entry upon keyword query contains detailed 
regulation information for a specific miRNA, including species name, miRNA identifier, stress name, miRNA 
expression pattern, detection method for miRNA expression, a reference literature, and target gene(s) of the miRNA 
extracted from the corresponding reference or miRBase. Users can also contribute novel regulatory entries by using 
a web-based submission page. The PASmiR database is freely accessible from the two URLs of http://hi.ustc.edu. 
cn:8080/PASmiR, and http://pcsb.ahau.edu.cn:8080/PASmiR. 

Conclusion: The PASmiR database provides a solid platform for collection, standardization, and searching of miRNA- 
abiotic stress regulation data in plants. As such this database will be a comprehensive repository for miRNA 
regulatory mechanisms involved in plant response to abiotic stresses for the plant stress physiology community. 



Background 

MicroRNAs (miRNAs) are endogenous, single-stranded, 
small (~21-23nt), non-coding, regulatory RNA molecules 
that manipulate messenger RNA (mRNA) degradation and 
translation repression by binding complementary sites in 
the protein-encoding, or 3'-untranslated regions, of target 
mRNAs [1-3]. Contemporary research has revealed numer- 
ous miRNAs in diverse plant species, such as Arabidopsis 
thaliana (mouse-ear cress), Oryza sativa (Asian rice), 
Chlamydomonas reinhardtii (flagellated green algae), and 
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Populus euphratica (subtropical poplar tree) [4-7]. An 
abundance of recent evidence suggests that plant miRNAs 
are critical to several essential biological processes in plant 
physiology, such as floral organ identity, leaf morphogen- 
esis, cellular signaling, and stress responses [8-11]. Because 
of the diverse and important functions of miRNAs in 
plants, the dysfunction, mutation, and dysregulation of spe- 
cific miRNAs has the potential to negatively influence plant 
growth and productivity. 

Initially discovered as regulators of developmental 
timing in Caenorbabditis elegans (transparent nema- 
tode), miRNAs have already been demonstrated to play 
important regulatory roles, particularly in the complex 
network of gene regulatory pathways. During abiotic 
stress to plants, such as drought, salinity, wounding, and 
high temperature, miRNAs act at the posttranscriptional 
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level in gene regulatory networks associated with stress 
adaptation and tolerance. Under adverse stress conditions, 
gene expression can be elaborately regulated to facilitate 
the action of these tolerance mechanisms [12-14], providing 
further evidence of the importance of miRNAs in regula- 
tion of plant responses to abiotic stress conditions. 

In the past decade, the regulatory mechanisms of 
miRNAs involved in plant stress responses have garnered 
increasing attention. For example, miRNAs have been iden- 
tified to regulate plant response to drought [15,16], salinity 
[17,18], low temperature [19,20], and nutrient deficiency 
[21-23]. More recently, a set of conserved and non- 
conserved miRNAs from Medicago truncatula (barrel clo- 
ver) [24], Oryza sativa (Asian rice) [25], Brassica napus 
(rapeseed) [26], and Arabidopsis thaliana (mouse-ear cress) 
[27] that act to regulate plant response to heavy metal ex- 
posure, have been idenfified. These findings indicated that 
certain stress conditions stimulate specific plant species to 
produce miRNAs involved in species-specific regulatory 
processes that vary highly between different species, po- 
tentially accounting for differences in plant tolerances to 
specific stress conditions. Additionally, these results 
indicate that miRNAs could represent a discriminative 
evolutionary footprint associated with abiotic stress regu- 
lation, relationships that can only be determined by com- 
prehensive organization of miRNA regulation data from 
many plant species. 

To date, more than one thousand miRNAs have been 
discovered in diverse plant species [28]. Many of these 
miRNAs have confirmed involvement in regulatory 
networks associated with plant stress response. Despite 
notable recent progress in identifying miRNA regulation 
during stress conditions, detailed data of miRNA mo- 
lecular regulation in different plant abiotic stresses, such 
as miRNA expression pattern and target genes of miRNAs, 
remains widely distributed in published literature. In the 
current stage, a cohesive database system is sorely needed 
for data deposit and further application. Therefore, devel- 
opment of the literature-curated database system "PASrniR" 
(miRNA molecular regulation in Plant Abiotic Stress) for 
the storage of regulatory relationships between miRNAs 
and plant abiotic stresses will be a valuable resource for 
contemporary researchers. While these immediate, tangible 
benefits are apparent, the PASrniR database may also serve 
as a valuable ongoing program for the study of miRNA 
regulatory mechanisms associated with plant responses to 
abiotic stress as additional information becomes available 
in this field. 

Construction and content 

Collection of regulatory relationships between miRNA 
and plant abiotic stress 

We searched the databases of the PubMed, Scopus, 
Google Scholar, and Ovid [29-32], by using keywords, 



such as stress microRNA and stress miRNA; to retrieve 
publications that described miRNA-stress regulatory 
relationships. PASrniR currently encompasses data from 
approximately 200 published studies, representing 1038 
regulatory relationships between 682 miRNAs and 35 
abiotic stresses in 33 plant species. For each of these 
regulatory relationships, we collected detailed informa- 
tion for miRNA molecular regulation in abiotic stresse 
response, which contains the plant species name, a 
miRNA identifier, the abiotic stress name, miRNA ex- 
pression pattern (up-regulated or down-regulated) dur- 
ing stress condition, detection method for miRNA 
expression (e.g., miRNA microarray, qRT-PCR, northern 
blot, and deep sequencing, etc.), a reference literature, 
the target gene(s) of miRNA extracted from the 
corresponding reference, and validated (predicted) target 
gene(s) derived from miRBase [33]. In PASrniR, conveni- 
ent links are provided to other external databases, in- 
cluding miRNA sequence and annotation in miRBase, 
and species taxonomic description from UniProt tax- 
onomy [34]. In the original publications, different 
members of a miRNA family may not be stated properly 
due to limited experimental design. Thus, a family-like 
miRNA identifier (e.g., osa-miR172) documented with 
expression pattern assignment will denote the regulatory 
pattern of an unspecified family member. 

Nomenclature standardization 

The published studies used to create PASrniR entries use 
varied standards for miRNA and abiotic stress presenta- 
tion, differing widely between individual journals and 
researchers. As a result, variant miRNA and abiotic 
stress spellings and descriptions exist, making literature 
curation a complicated task. For example, two forms of 
osa-miR171 and miR-171 that appear in different 
publications may actually refer to the same miRNA in 
Oryza sativa (Asian rice) [19,35]. 

Establishment of the PASrniR database necessitated 
the development of a curated standard nomenclature for 
miRNAs and abiotic stresses. Each miRNA inputted into 
the PASrniR database was converted to a standard ter- 
minology by referring to miRBase [36], as follows: a pre- 
fix of species abbreviation based on Latin name was 
followed by a dash, "miR", and a family number. For in- 
stance, "osa-miR172" would be correct terminology for 
Oryza sativa miRNA from family 172. 

A total of 35 different plant abiotic stresses have been 
identified. For the purposes of inclusion in PASrniR, each 
inputted abiotic stress was assigned unique names and 
manually classified into one of 11 abiotic stress classes 
according to physiological affection (Figure 1). Figure 2 
illustrates the distribution of miRNAs and plant species 
involved in different abiotic stresses. Examination of 
the prevalent abiotic stresses represented in PASrniR 
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Figure 1 Eleven abiotic stress classes generated by manual curation. 



demonstrated miRNA involvement was most often 
reported in stresses of drought, low temperature, high 
salt, and phosphate (Pi) deficiency. 



Database construction 

The PASmiR database was constructed using freely available 
and open source frameworks, such as Apache, JavaServer 
Pages (JSP), MySQL, Struts2, Spring, Hibernate and so on. 
The curated miRNA-stress regulatory relationships were 
stored in a MySQL Server and accessed using Structured 
Query Language (SQL) queries. The web platform is based 
on Apache Tomcat server and its pages are generated via a 
combination of Java language and JSP scripts. In addition, 



Hibernate modules were applied to manipulate data and 
convert data formats. 

Utility 

Keyword-based searching 

The web-accessible PASmiR database allows for curated 
miRNA-stress regulatory relationships to be clearly and 
simply browsed, searched, downloaded, and updated 
(Figure 3). Using the search page, remote users can search 
the database by keywords. Three search fields are present 
that may be used together or separately: 1) plant species, 
2) abiotic stress, and 3) miRNA. Logical operators (AND 
and OR) were configured between two of these fields to 
allow rapid, targeted access to specific entries of interest. 
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Figure 2 Distribution of miRNAs and plant species involved in 35 different abiotic stresses. Examination of the prevalent abiotic stresses 
represented in PASmiR demonstrated miRNA involvement was most often reported in stresses of drought, low temperature, high salt, and 
phosphate (Pi) deficiency. 



Fuzzy search capabilities 

Users can remotely access the web-based user interface 
to conveniently generate queries on the database using 
logical, standardized keywords. PASmiR also offers a 
fuzzy search engine, allowing querying of miRNA-stress 
regulatory information by plant species, abiotic stress or 
miRNA, even when the exact name is unknown. Not- 
ably, multiple hits may result from input of single quer- 
ies containing few or vague keywords, allowing for 
manual selection of data presented by relevance to the 
search term(s). 

User submit to PASmiR 

PASmiR provides a submit page that allows non- 
affiliated researchers to independently contribute novel 
miRNA-stress regulatory relationships as they become 
available. For user submissions, primary required fields 
are: 1) plant species, 2) abiotic stress, 3) miRNA and 4) 
reference title, as indicated by the conventional red star 
symbol. The curator(s) at our site conducts manual veri- 
fication of the original publication(s) for data validation 
purposes to maintain the quality and integrity of the 
database. Submissions that pass this review process are 
then approved for entry into the PASmiR database. 



Notably, all new submission will be made available in 
coming PASmiR versions on a monthly release schedule. 

Discussion 

Contemporary exploration of miRNA molecular regulation 
associated with plant abiotic stresses has demonstrated 
that miRNAs act as important regulators in plant physio- 
logical adaption mechanisms during response to unfavor- 
able stresses. Unfortunately, data information on specific 
miRNAs involved in regulation of plant responses to abiotic 
stress is widely dispersed throughout current scientific 
literature. To provide a comprehensive repository for col- 
lection, standardization, and searching of these miRNA- 
abiotic stress regulatory relationships, the literature-curated 
and web-accessible PASmiR database was established. 

Notably, the number of miRNAs involved in particular 
abiotic stress responses is highly dependent on the experi- 
mental approaches proposed in the original investigations. 
For example, more miRNAs will be observed using a 
microarray platform than other low-throughput technolo- 
gies [37,38]. In different plant species, miRNAs may be 
defined as functionally conserved if their homologs behave 
as regulators of specific abiotic stress responses in more 
than one other plant species. For example, the miRNA 
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Welcome to PASmiRl 

MicroRNAs (mi'RNAs) are endogenous, single-stranded, small (~21-23nt), non-coding, regulatory RNA molecules. Over 200 recent published 
studies of more than 30 plant species have reported a role for mi'RNAs in regulating plant responses to abiotic stresses. However, data from 
these individual reports has not been collected into a single database. The lack of a curated database of stress-related mi'RNAs limits research 
in this field. PASmiR, a literature-curated and web-accessible database, was thus developed to provide a solid platform for collection, 
standardization, and searching of these miRNA-stress regulation data in plants. As such this database will be a comprehensive repository for 
miRNA regulatory mechanisms involved in plant response to abiotic stresses in the plant stress physiology community. 
We look forward to your feedback. Please contact us if you have any questions about the database. Thanks! 
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Figure 3 Homepage of the PASmiR database. The web-accessible PASmiR database allows for curated miRNA-stress regulatory entries to be 
clearly and simply browsed, searched, downloaded, and updated. 



homologs peu-miR164 and mtr-miR164 are functionally 
conserved in plant responses to drought stress in both 
Populus euphratica (Euphrates Poplar) [6] and Medicago 
truncatula (Barrel Clover) [39]. Of 682 total plant miRNAs, 
242 (35.5%) represent functional conserved miRNAs, and 
16 (6.6%) of which are functionally conserved in more 
than 3 abiotic stresses response in different plant species 
(see Additional file 1). Investigation of these conserved 
miRNAs using a structured database approach, such as 
that provided by PASmiR, will facilitate improvements in 
the understanding of stress-focused miRNA func- 
tional evolutionarily relationship in plant species. 
This data has potential applications for experimental 
biology aiming to improve plant crop performance 
and breeding characteristics. 

Current efforts have demonstrated that miRNAs play 
critical roles in regulating plant responses to abiotic 
stresses in a complicated network manner [40-43]. Thus, 
it is possible that analysis of the miRNA-stress regula- 
tion data archived in PASmiR may be able to yield novel 
information about the network regulatory mechanisms 
of miRNAs involved in stress response. In the staple 
food crop Oryza sativa (Asian rice), a bipartite network 
can be used to describe the 162 regulatory relationships 
between 113 miRNAs and 13 abiotic stresses known in 
this species (Figure 4). Within the network, drought, 
arsenite treatment, cadmium (Cd), low temperature, 
aluminum (Al) excess, and high salt demonstrate the 
highest connectivity by involving 35, 25, 25, 22, 19, and 13 
regulatory miRNAs in the stress response, respectively. 



Several miRNAs, such as osa-miR156, osa-miR393, 
and osa-miR528, have been demonstrated to play regula- 
tory roles in more than two types of abiotic stress 
responses. Among these miRNAs, a small portion (solid 
purple circles) exhibit opposite expression patterns 
in different abiotic stresses response. The miRNA 
osa-miR156, for example, has a high-expression ten- 
dency when subjected to radiation exposure, but exhibits 
the opposite tendency when exposed to either low 
temperature or drought, indicating that, as a regulator of 
stress, osa-miR156 exhibits unique behaviors under vari- 
ant stress conditions. Cumulatively, these findings indi- 
cate the complex network regulatory relationships 
between miRNAs and abiotic stresses. By using PASmiR, 
researchers will have access to a comprehensive know- 
ledge base for assembling bipartite networks for plant 
species documented, allowing the completion of novel 
derivations for detailed stress-driven miRNA molecular 
regulatory mechanisms. 

The PASmiR database project, reported herein, provides 
the initial groundwork for an ongoing program for 
cataloging and utilizing miRNA-abiotic stress regulatory in- 
formation in plants. Notably, the current version is not as 
comprehensive as we envision future versions to be. On- 
going collection and curation of new publications related to 
miRNA-stress response regulation is essential to this 
programs success. New versions of the databases are cur- 
rently scheduled to be released on a monthly basis, incorp- 
orating all new submissions to the database over the 
preceding month. While this work is currently time and 
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Figure 4 (See legend on next page.) 
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(See figure on previous page.) 

Figure 4 Bipartite network visualization of the regulatory relationship between miRNAs and abiotic stresses in the commercial crop 
Oryza sativa (Asian rice). In the network, squares and circles correspond to stresses and miRNAs, respectively. A link was placed between 
stresses and miRNAs indicating miRNA involvement in the regulation of a specific abiotic stress response. The outlined red, outlined blue, and 
solid purple of the circle denote different miRNA expression pattern (up-regulated, down-regulated and combined, respectively) in different stress 
conditions, respectively. Notably, a family-like miRNA identifier (e.g., osa-miR172) with expression pattern assignment will denote the regulatory 
pattern of an unspecified family member. 



resource intensive, the pending employment of a natural 
language processing (NLP) technique to allow more rapid 
abstract prescreening will facilitate the addition of many 
new entries to the database in the near future. This strategy 
is expected to increase comprehensiveness and accessibil- 
ity of the database, promoting broader interest from 
researchers worldwide. 

Conclusion 

We constructed the first comprehensive database for 
miRNA molecular regulation in plant abiotic stress 
responses. The web-based program was created by manu- 
ally reviewing widely scattered scientific literature. This 
database, however, also provides a convenient submission 
interface for contribution of novel miRNA-stress regula- 
tory relationship by independent researchers. PASmiR 
provides comprehensive, keyword-searchable miRNA- 
abiotic regulatory relationships focused on a specific plant 
species, abiotic stress, and miRNA family. Thus, PASmiR 
will aid in rapid and complete exploration of the complex 
network of miRNA regulatory mechanisms involved in 
plant abiotic stress responses, serving as a valuable resource 
for future investigators in experimental biology concerned 
with commercial crop breeding and characteristics. 

Availability and requirements 

Project name: PASmiR: A literature-curated database for 
miRNA molecular regulation in plant response to abiotic 
stress 

Project home pages: http://hi.ustc.edu.cn:8080/PASmiR 
http://pcsb.ahau.edu.cn:8080/PASmiR 
Operating system (s): Platform independent 
Programming languages: JSP, MySQL, HTML and 
JavaScript 
License: Not required. 

Any restrictions to use by non-academics: None 
Additional file 



Additional file 1: Distribution of functionally conserved miRNAs in 
35 different abitotic stresses. The expression patterns of miRNAs 
are indicated as red and blue colors according to their up-regulated 
and down-regulated patterns, respectively. 



Abbreviations 

PASmiR: miRNA molecular regulation in Plant Abiotic Stress; 
microRNA: miRNA. 



Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

SZ, YY and LS performed literature mining, constructed the database 
platform, and wrote the manuscript. YW, GF, AL, XH and MS helped with the 
design of database platform and update of the database, and provided 
scientific suggestions and criticisms for improving the manuscript and 
website. SZ and CW participated in the design, helped write the manuscript 
and supervised the whole project. All authors read and approved the final 
manuscript. 

Acknowledgements 

The research was supported by grants from the National "Twelfth Five-Year" 
basic research program of China (973, 2012CB722903), the National Natural 
Science Foundation of China (Grant Nos. 31171608, 31270714, and 
31270729), the National "Twelfth Five-Year" Technology Support Program of 
China (2011BAD01B01), and the Youth Research Foundation of Anhui 
Agricultural University (2012zd010). Funding to pay the Open Access 
publication charges for this article was provided by the above grants. Many 
thanks will be given to the editor Michael K Deyholos and the anonymous 
reviewers for their instructive suggestions. We are also grateful to the 
unknown editor at the MedSci editing service for the English polishing. 

Author details 

School of life sciences, Anhui Agricultural University, Hefei 230036, China. 
2 Key laboratory of Tea Biochemistry and Biotechnology, Ministry of 
Education, Ministry of Agriculture, Anhui Agricultural University, Hefei 230036, 
China. 3 College of information and computer science, Anhui Agricultural 
University, Hefei 230036, China, department of Electronic Science and 
Technology, University of Science and Technology of China, Hefei, China. 

Received: 9 September 2012 Accepted: 21 February 2013 
Published: 1 March 2013 

References 

1. Bartel DP: MicroRNAs: genomics, biogenesis, mechanism, and function. 

Ce//2004, 116(2):28 1-297. 

2. Meister G, Tuschl T: Mechanisms of gene silencing by double-stranded 
RNA. Nature 2004, 431 (7006):343-349. 

3. Zhang B, Stellwag EJ, Pan X: Large-scale genome analysis reveals unique 
features of microRNAs. Gene 2009, 443(1 -2):1 00-1 09. 

4. Molnar A, Schwach F, Studholme DJ, Thuenemann EC, Baulcombe DC: 
miRNAs control gene expression in the single-cell alga Chlamydomonas 
reinhardtii. Nature 2007, 447(71 48): 1 126-1 129. 

5. Jian X, Zhang L, Li G, Wang X, Cao X, Fang X, Chen F: Identification of 
novel stress-regulated microRNAs from Oryza sativa L. Genomics 2010, 
95(1):47-55. 

6. Li B, Qin Y, Duan H, Yin W, Xia X: Genome-wide characterization of new 
and drought stress responsive microRNAs in Populus euphratica. J Exp 
Bot 2011, 62(1 1):3765-3779. 

7. Sunkar R, Zhu JK: Novel and stress-regulated microRNAs and other small 
RNAs from Arabidopsis. Plant Cell 2004, 1 6(8):2001 -201 9. 

8. Aukerman MJ, Sakai H: Regulation of flowering time and floral organ 
identity by a MicroRNA and its APETALA2-like target genes. Plant Cell 
2003, 15(11)2730-2741. 

9. Chiou TJ, Lin SI: Signaling network in sensing phosphate availability in 
plants. Annu Rev Plant Biol 201 1, 62:185-206. 

10. Lu S, Sun YH, Chiang VL: Stress-responsive microRNAs in Populus. Plant J 
2008, 55(1 ):1 31 -1 51 . 



Zhang et al. BMC Plant Biology 201 3, 1 3:33 Page 8 of 8 

http://www.biomedcentral.com/1471-2229/13/33 



11. 

12. 

13. 
14. 
15. 
16. 

17. 
18. 
19. 

20. 



22. 

23. 
24. 

25. 
26. 

27. 
28. 
29. 



30. 
31. 



32. 
33. 



34. 
35. 

36. 
37. 



39. 



Palatnik JF, Allen E, Wu X, Schommer C, Schwab R, Carrington JC, Weigel D: 
Control of leaf morphogenesis by microRNAs. Nature 2003, 425(6955):257-263. 
Covarrubias AA, Reyes JL: Post-transcriptional gene regulation of salinity 
and drought responses by plant microRNAs. Plant Cell Environ 2010, 
33(4):481-489. 

Jia X, Ren L, Chen QJ, Li R, Tang G: UV-B-responsive microRNAs in Populus 

tremula. J Plant Physiol 2009, 1 66(1 8):2046-2057. 

Zuo J, Wang Y, Liu H, Ma Y, Ju Z, Zhai B, Fu D, Zhu Y, Luo Y, Zhu B: 

MicroRNAs in tomato plants. Sci China Life Sci 201 1, 54(7):599-605. 

Sunkar R, Jagadeeswaran G: In silico identification of conserved microRNAs in 

large number of diverse plant species. BMC Plant Biol 2008, 8:37. 

Zhao B, Liang R, Ge L, Li W, Xiao H, Lin H, Ruan K, Jin Y: Identification of 

drought-induced microRNAs in rice. Biochem Biophys Res Commun 2007, 

354(2):585-590. 

Ding D, Zhang L, Wang H, Liu Z, Zhang Z, Zheng Y: Differential expression of 
miRNAs in response to salt stress in maize roots. Ann Bot 2009, 1 03(1 ):29-38. 
Liu HH, Tian X, Li YJ, Wu CA, Zheng CC: Microarray-based analysis of stress- 
regulated microRNAs in Arabidopsis thaliana. RNA 2008, 1 4(5):836-843. 
Lv DK, Bai X, Li Y, Ding XD, Ge Y, Cai H, Ji W, Wu N, Zhu YM: Profiling of 
cold-stress-responsive miRNAs in rice by microarrays. Gene 2010, 
459(1 -2):39-47. 

An FM, Hsiao SR, Chan MT: Sequencing-based approaches reveal low 

ambient temperature-responsive and tissue-specific microRNAs in 

phalaenopsis orchid. PLoS One 201 1, 6(5):e18937. 

Bari R, Datt Pant B, Stitt M, Scheible WR: PH02, microRNA399, and PHR1 

define a phosphate-signaling pathway in plants. Plant Physiol 2006, 

141(3):988-999. 

Chiou TJ, Aung K, Lin SI, Wu CC, Chiang SF, Su CL: Regulation of 
phosphate homeostasis by MicroRNA in Arabidopsis. Plant Cell 2006, 
18(2)412-421. 

Fujii H, Chiou TJ, Lin SI, Aung K, Zhu JK: A miRNA involved in phosphate- 
starvation response in Arabidopsis. Curr Biol 2005, 15(22):2038-2043. 
Zhou ZS, Huang SQ, Yang ZM: Bioinformatic identification and expression 
analysis of new microRNAs from Medicago truncatula. Biochem Biophys 
Res Commun 2008, 374(3):538-542. 

Huang SQ, Peng J, Qiu CX, Yang ZM: Heavy metal-regulated new 
microRNAs from rice. J Inorg Biochem 2009, 103(2):282-287. 
Xie FL, Huang SQ, Guo K, Xiang AL, Zhu YY, Nie L, Yang ZM: Computational 
identification of novel microRNAs and targets in Brassica napus. FEBS Lett 
2007, 581 (7):1 464-1 474. 

Ding YF, Zhu C: The role of microRNAs in copper and cadmium 
homeostasis. Biochem Biophys Res Commun 2009, 386(1 ):6— 10. 
Voinnet O: Origin, biogenesis, and activity of plant microRNAs. Cell 2009, 
136(4):669-687. 

Wheeler DL, Barrett T, Benson DA, Bryant SH, Canese K, Chetvernin V, 
Church DM, DiCuccio M, Edgar R, Federhen S, et al: Database resources of 
the national center for biotechnology information. Nucleic Acids Res 2007, 
35(Database issue):D5-D12. 

Burnham JF: Scopus database: a review. Biomed Digit Libr 2006, 3:1. 
Henderson J: Google scholar: a source for clinicians? CMAJ 2005, 
172(12):1549-1550. 

Fitzpatrick RB: Decision support with ovid. Med RefServ Q 2001, 20(4)47-53. 
Kozomara A, Griffiths-Jones S: miRBase: integrating microRNA annotation 
and deep-sequencing data. Nucleic Acids Res 201 1, 39(Database issue): 
D152-D157. 

Magrane M, Consortium U: UniProt knowledgebase: a hub of integrated 
protein data. Database (Oxford) 201 1, 201 1:bar009. 
Zhou L, Liu Y, Liu Z, Kong D, Duan M, Luo L: Genome-wide identification 
and analysis of drought-responsive microRNAs in Oryza sativa. J Exp Bot 

2010,61(15)4157-4168. 

Griffiths-Jones S: miRBase: microRNA sequences and annotation. Curr Protoc 

Bioinformatics 2010, Chapter 12:Unit 12 19 11-10. 

Kawashima CG, Matthewman CA, Huang S, Lee BR, Yoshimoto N, Koprivova 
A, Rubio-Somoza I, Todesco M, Rathjen T, Saito K, et al: Interplay of SLIM1 
and miR395 in the regulation of sulfate assimilation in Arabidopsis. Plant 
J 201 1, 66(5):863-876. 

Ding Y, Chen Z, Zhu C: Microarray-based analysis of cadmium-responsive 
microRNAs in rice (Oryza sativa). J Exp Bot 201 1, 62(10)3563-3573. 
Wang T, Chen L, Zhao M, Tian Q, Zhang WH: Identification of drought- 
responsive microRNAs in Medicago truncatula by genome-wide high- 
throughput sequencing. BMC Genomics 201 1, 12:367. 



40. Zhu C, Ding Y, Liu H: MiR398 and plant stress responses. Physiol Plant 
2011, 143(1):1-9. 

41. Liu Z, Kumari S, Zhang L, Zheng Y, Ware D: Characterization of miRNAs in 
response to short-term waterlogging in three inbred lines of Zea mays. 
PLoS One 2012, 7(6):e39786. 

42. Wan P, Wu J, Zhou Y, Xiao J, Feng J, Zhao W, Xiang S, Jiang G, Chen JY: 
Computational analysis of drought stress-associated miRNAs and miRNA 
co-regulation network in Physcomitrella patens. Genomics Proteomics 
Bioinformatics 201 1, 9(1-2)37-44 

43. Golldack D, Luking I, Yang O: Plant tolerance to drought and salinity: 
stress regulating transcription factors and their functional significance in 
the cellular transcriptional network. Plant Cell Rep 201 1, 30(8):1 383-1 391. 



doi:1 0.1 1 86/1 471 -2229-1 3-33 

Cite this article as: Zhang et al.: PASmiR: a literature-curated database 
for miRNA molecular regulation in plant response to abiotic stress. BMC 

Plant Biology 201 3 13:33. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



